Abstract. Colorectal cancer (CRC) is one of the most prevalent cancers among males and females worldwide. Despite progress in diagnostic and therapeutic strategies for CRC patients, the prognosis for patients with advanced CRC remains poor. MicroRNAs (miRNAs/miRs) are a class of highly conserved short, endogenously expressed and single-stranded non-coding RNAs. In recent years, increasing studies have demonstrated that dysregulation of miRNAs is closely associated with CRC carcinogenesis and progression. The aim of the present study was to explore the expression, roles and underlying molecular mechanism of miR-130a in CRC. The results indicated that miR-130a was significantly upregulated in CRC, and that miR-130a expression levels were correlated with TNM stage and lymph node metastasis of CRC. Inhibition of miR-130a markedly suppressed colorectal cancer cell proliferation, migration and invasion. Furthermore, forkhead box F2 (FOXF2) was identified as a direct downstream target gene of miR-130a in colorectal cancer. Downregulation of FOXF2 could partially reverse the functions induced by miR-130a under-expression in CRC cells. These findings suggested that miR-130a can regulate FOXF2 and function as an oncogene in CRC. Therefore, miR-130a may serve as a useful therapeutic agent for miRNA-based CRC targeted therapy.
Introduction
Colorectal cancer (CRC) is one of the most prevalent cancers among males and females worldwide, with an estimated one million new cases and half a million mortalities each year (1, 2) . Many risk factors contributing to CRC have been reported, including excessive alcohol use, obesity, age, genetic mutations and chronic intestinal inflammation (3) . Currently, the usual therapeutic treatments for patients with CRC are surgery resection, followed by radiotherapy and chemotherapy (4) . Despite progress in diagnostic and therapeutic strategies for CRC, the prognosis for patients with advanced CRC remains poor (5) . The 5-year overall survival rate for early CRC cases is ~90%, but decreases to <5% in advanced CRC patients with metastases or recurrence (6) . Therefore, it is urgent to fully understand the mechanisms underlying carcinogenesis and progression of CRC, and investigate the novel therapeutic targets which may help to generate more effective therapies.
MicroRNAs (miRNAs/miRs) belong to a class of highly conserved short, endogenously expressed and single-stranded non-coding RNA molecules which are ~22 nt long (7, 8) . They negatively regulate gene expression through binding to specific complementary sites within the 3' untranslated regions (3'UTRs) of targeted mRNAs in a base-pairing manner, resulting in mRNA degradation or translational inhibition at the translational level (9) (10) (11) . To date, >1,400 miRNAs have been identified, which accounts for 2-5% of the whole human genome, and modulates the expression levels of <20% of human genes (12) . A variety of studies have reported that miRNAs have important roles in basic biological processes, including cell proliferation, apoptosis, differentiation, invasion, metastasis and angiogenesis (13) (14) (15) . They may function as oncogenes or tumor suppressor genes in human cancers, depending on their target genes (16, 17) . In recent years, increasing studies have demonstrated that dysregulation of miRNAs is closely associated with CRC occurrence and progression. For example, miR-542-3p inhibits the growth and invasion of CRC cells through targeted regulation of cortactin (18) . Qiu et al (19) reported that miR-497 inhibits invasion and metastasis of CRC cells by targeting vascular endothelial growth factor-A. These findings emphasize the importance of miRNAs in CRC initiation and progression, and may serve as therapeutic targets for novel treatment strategies against CRC.
The present study identified miR-130a to be significantly upregulated in CRC tissues and cell lines. In addition, miR-130a expression levels were correlated with TNM stage and lymph node metastasis of CRC. Furthermore, miR-130a was demonstrated to be a novel negative regulator in the progression of CRC via directly targeting forkhead box F2 MicroRNA-130a is upregulated in colorectal cancer and promotes  cell growth and motility by directly targeting forkhead box F2   WENZHONG CHEN  1,2 , KEHUI TONG  2 and JIREN YU (FOXF2) . Therefore, the present study investigated the possibility that miR-130a may be an attractive candidate for miR-130a/FOXF2 based targeted therapy for patients with CRC.
Materials and methods
Human specimens. A total of 53 paired CRC and tumor adjacent tissues (TATs) were collected from the First Affiliated Hospital of Zhejiang University (Hangzhou, China) between 2011 and 2014, were used in the present study. These specimens were obtained from patients with CRC who underwent surgical resection without prior radiotherapy and chemotherapy, and immediately snap-frozen in liquid nitrogen and stored at -80˚C. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The total RNA was extracted from tissues and cells with TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). To detect miR-130a expression, total RNA was reverse transcribed to cDNA using M-MLV (Promega Corporation, Madison, WI, USA). qPCR analysis for miR-130a was performed in triplicate with SYBR ® Premix Ex Taq™ II s (Takara Biotechnology Co., Ltd., Dalian, China) according to the manufacturer's protocol with the ABI 7500 Real-time PCR detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling conditions were as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. To determine FOXF2 mRNA expression, cDNA was synthesized using the Taqman RT reagents (Applied Biosystems; Thermo Fisher Scientific, Inc.) followed by real-time PCR analysis with SYBR ® Premix Ex Taq™ II s (Takara Biotechnology Co., Ltd.). The amplification was performed with cycling conditions as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. The primers were designed as follows: miR-130a, 5'-GGC AGT GCA ATG TTA AAA G-3' (forward) and 5'-CAG TGC GTG TCG TGG AGT-3' (reverse); U6, 5'-CGC AAG GAT GAC ACG-3' (forward) and 5'-GAG CAG GCT GGA GAA-3' (reverse); FOX F2, 5'-TCG CTG GAG CAG AGC TAC TT-3' (forward) and 5'-CCC ATT GAA GTT GAG GAC GA-3' (reverse); and GAPDH, 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3' (forward) and 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3' (reverse). The fold change in miR-130a or FOXF2 mRNA expression was calculated using the 2 -ΔΔCq method following normalization to U6 or GAPDH, respectively (20) .
MTT assay. The effect of miR-130a on CRC cell proliferation was measured by MTT assay (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) assay. After transfection for 24 h, transfected cells were collected, counted and seeded at 3x10 3 cells/well in 96-well plates in a final volume of 100 µl culture medium/well. For quantitation of cell proliferation, MTT assay was performed after incubation for 1, 2, 3 and 4 days. At the indicated time, 20 µl MTT solution (5 mg/ml) was added to each well. After 4 h of further incubation, culture medium was removed carefully and 200 µl dimethyl sulfoxide was added to dissolve the formazan. The optical density (OD) was measured at 490 nm of each well using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Migration and invasion assay. Migration and invasion assays were used to evaluate the effects of miR-130a on migration and invasion capacities of CRC cells. For the migration assay, transfected cells were harvested at 48 h after transfection, counted and re-suspended in FBS-free culture medium. Subsequently, 5x10 4 cells were seeded in upper chamber of a 24-well Transwell Chamber (8-µm pore size; Corning Incorporated, Corning, NY, USA), and culture medium containing 20% FBS was placed in the lower chamber as a chemoattractant. After incubation at 37˚C for 48 h, the non-migrated cells were removed with a cotton tip, and migrated cells were stained with 0.5% crystal violet at room temperature for 20 min and counted under a microscope (x200 magnification; IX51; Olympus Corporation, Tokyo, Japan). An invasion assay was performed similar to the migration assay except that Transwell chambers were coated with Matrigel (BD Biosciences, San Jose, CA, USA). All experiments were performed in triplicate.
miRNA target prediction. TargetScan (www.targetscan.org/), PicTar (pictar.mdc-berlin.de/) and miRanda (www.microrna. org/) were used to predict the potential target genes of miR-130a.
Luciferase reporter assay. pGL3-FOXF2-3'UTR wild-type (Wt) and pGL3-FOXF2-3'UTR mutant (Mut) were obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China). For the luciferase reporter assay, the HEK293T cells were transfected with miR-130a inhibitor or NC inhibitor, together with pGL3-FOXF2-3'UTR Wt or pGL3-FOXF2-3'UTR Mut using Lipofectamine 2000. At 48 h post-transfection, the cells were harvested, and then luciferase activities were measured by using Dual-Luciferase Reporter Assay system (Promega Corporation), according to the manufacturer's protocol. The relative luciferase activities were determined by normalizing to Renilla luciferase activities.
Western blotting. Cells were harvested, and total protein was exacted from transfected cells following lysing in radioimmunopreciptation buffer (Thermo Fisher Scientific, Inc.) at 72 h after transfection. The concentration of total protein was detected using a Bicinchoninic Acid assay kit (Thermo Fisher Scientific, Inc.) based on the manufacturer's protocol. Equal amounts of protein (30 µg) were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, transferred to polyvinylidene difluoride membrane (Bio-Rad Laboratories, Inc.) and blocked with 5% non-fat dry milk in TBS containing 0.1% Tween-20 (TBST). Subsequently, the membranes were incubated at 4˚C overnight with primary antibodies, including mouse anti-human monoclonal FOXF2 (sc-101043; 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and mouse anti-human monoclonal GAPDH (sc-47724; 1:1,000; Santa Cruz Biotechnology, Inc.). Subsequently, the membranes were washed with TBST three times and probed with a horseradish peroxidase-conjugated goat anti-mouse secondary antibody (sc-2005; 1:1,000; Santa Cruz Biotechnology, Inc.) for 2 h at room temperature. The proteins were visualized with enhanced chemiluminescence-plus reagents (GE Healthcare, Chicago, IL, USA), following the manufacturer's protocol. The density of the protein bands was determined using ImageJ software (version 1.49; National Institutes of Health, Bethesda, MD, USA), and values were normalized to GAPDH.
Statistical analysis. All the data are expressed as the mean ± standard deviation. Data were compared with Student's t-test or one-way analysis of variance followed by Student-Newman-Keuls post hoc test, using SPSS software version 17 (SPSS, Inc., Chicago, IL, USA). The relationship between miR-130a expression level and clinicopathological features of CRC was analyzed using Pearson's χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results

miR-130a is upregulated in CRC tissues and cell lines.
miR-130a expression in CRC tissues and matched TATs was measured using RT-qPCR. As presented in Fig. 1A , miR-130a expression was significantly upregulated in CRC tissues compared with in matched TATs (P<0.05). To further assess the clinical significance of miR-130a in CRC, the correlation between clinicopathological features and miR-130a expression in CRC was analyzed. The results demonstrated that miR-130a expression was obviously correlated with TNM stage (P=0.002) and lymph node metastasis (P=0.001), while there was no correction with age, sex and tumor size (Table I) .
miR-130a expression levels were also detected in CRC cell lines (SW480, SW620, HCT116, HT29 and LoVo) and the FHC human normal colon epithelium cell line. miR-130a expression levels were relatively higher in all examined CRC cell lines than in the FHC cell line (Fig. 1B, P<0 .05). These results suggested that miR-130a may serve as an oncogene in CRC.
Inhibition of miR-130a expression inhibits CRC cell proliferation, migration and invasion.
To explore the roles of miR-130a in the CRC, miR-130a inhibitor or NC inhibitor was transfected into SW620 and HT29 cells. The expression of miR-130a was downregulated following transfection with the miR-130a inhibitor compared with the NC inhibitor in both cell lines, as detected by RT-qPCR ( Fig. 2A, P<0 .05). The effects of miR-130a on growth and metastasis of CRC cells were assessed by MTT, migration and invasion assays, Table I . Correlation between clinicopathological features and miR-130a expression in colorectal cancer. respectively. The results of the MTT assay revealed that inhibition of miR-130a decreased SW620 and HT29 cell proliferation (Fig. 2B, P<0.05) . The migration and invasion assay revealed that downregulation of miR-130a reduced the migratory and invasive abilities of SW620 and HT29 cells compared with the NC inhibitor cells (Fig. 2C, P<0 .05). These findings suggested that inhibition of miR-130a repressed the proliferation, migration and invasion of CRC cells.
miR-130a expression -------------------------
FOXF2 is the direct downstream target gene of miR-130a in CRC.
To elucidate the underlying molecular mechanisms by which miR-130a exerts its carcinogenic functions, the target genes of miR-130a were predicted using TargetScan, PicTar and miRanda. FOXF2 was selected as a potential target of miR-130a based on putative target sequences at position 663-669 of the FOXF2-3'UTR (Fig. 3A) . To determine whether FOXF2 was a direct target of miR-130a, a luciferase reporter assay was performed. As presented in Fig. 3B , the luciferase activities of the pGL3-FOXF2-3'UTR Wt reporter plasmid was significantly upregulated following miR-130a inhibitor transfection (P<0.05). However, pGL3-FOXF2-3'UTR Mut reporter plasmid completely abolished the upregulation, indicating that miR-130a directly targets FOXF2.
Furthermore, RT-qPCR and western blotting were performed to determine if miR-130a could regulate FOXF2 expression in CRC cells. The results revealed that FOXF2 mRNA (Fig. 3C, P<0 .05) and protein (Fig. 3D, P<0 .05) expression levels were significantly upregulated by miR-130a inhibition in SW620 and HT29 cells. These results suggested that FOXF2 was the direct downstream target gene of miR-130a in CRC.
Downregulation of FOXF2 partially reversed the effects of miR-130a in CRC cells.
To further explore the functional consequence of the miR-130a/FOXF2 interactions in CRC, FOXF2 siRNA or NC siRNA was transfected into SW620 and HT29 cells. The mRNA (Fig. 4A, P<0 .05) and protein (Fig. 4B,  P<0 .05) expression levels of FOXF2 in SW620 and HT29 cells were downregulated, as determined by RT-qPCR and western blotting, respectively. Additionally, the proliferation, migration and invasion of CRC cells was assessed by MTT, migration and invasion assays. Co-transfection of FOXF2 siRNA partially reversed the effects caused by miR-130a inhibitor in CRC cell proliferation (Fig. 4C, P<0 .05), and migration and invasion (Fig. 4D, P<0.05) . Collectively, these data indicated that downregulation of miR-130a inhibits proliferation, migration and invasion of CRC cells through upregulation of FOXF2.
Discussion
Tumorigenesis of many cells is relevant to the dysregulation of miRNAs, indicating that the abnormal expression of miRNAs may serve important functions in carcinogenesis and tumor development (21) . To the best of our knowledge, the present study was the first to demonstrate that miR-130a serves as a carcinogenic miRNA by directly targeting FOXF2 in CRC. Firstly, miR-130a was significantly upregulated in CRC tissues and cell lines. Secondly, the expression levels of miR-130a were markedly correlated with TNM stage and lymph node metastasis of CRC patients. Thirdly, inhibition of miR-130a inhibited CRC cells proliferation, migration and invasion. Additionally, FOXF2 was validated as a direct target of miR-130a in bioinformatics analysis, luciferase reporter assays, RT-qPCR and western blotting. Finally, inhibition of FOXF2 partially reversed the effects induced by miR-130a under-expression in CRC cells. Therefore, miR-130a may be highlighted as a novel target for the therapeutic treatment of patients with CRC.
Previous studies reported the abnormal expression of miR-130a in human cancers; the expression levels of miR-130a were reduced in breast cancer (22) , hepatocellular carcinoma (23), non-small cell lung cancer (24) , prostate carcinoma (25) and chronic myeloid leukemia (26) . However, elevated miR-130a expression has been identified in gastric cancer (27) , and cisplatin resistance of ovarian cancer (28) . Its expression levels were demonstrated to be closely associated with clinicopathological features of patients with malignant tumors. For example, in gastric cancer, patients with high miR-130a expression levels had significantly poorer overall survival compared with the low-miR-130a group (27) . In hepatocellular carcinoma, miR-130a expression is associated with sex, HBsAg status, tumor size and tumor-node-metastasis stage. Kaplan-Meier analysis revealed that hepatocellular carcinoma cases with low miR-130a expression had a poorer overall survival than patients with high miR-130a expression (23) . Furthermore, multivariate Cox regression analysis demonstrated that miR-130a expression was an independent prognostic factor for overall survival (23) . In cervical cancer, survival analysis revealed that higher expression of miR-130a was significantly correlated with poor disease-free survival (29) . In non-small cell lung cancer, miR-130a is correlated with poor prognosis and increased tumor stage and metastasis (30) . These studies suggested that miR-130a might be a useful marker for the diagnosis and prognosis of cancers.
miR-130a has been identified as a tumor suppressor in cancers. Liu et al (31) reported that overexpression of miR-130a inhibits cell detachment, attachment, migration and invasion in gemcitabine-resistant hepatocellular carcinoma cells. Pan et al (22) demonstrated that ectopic miR-130a expression suppresses breast cancer cell growth, migration and invasion. Lin et al (30) demonstrated that in non-small cell lung cancer, restoration of miR-130a expression in macrophages resulted in a significantly increased production of proinflammatory cytokines, whereas deletion of miR-130a impaired M2-associated gene expression and led to an M1-biased response (30) . In prostate cancer, miR-130a overexpression decreases prostate cancer cell proliferation and increases the sensitivity to paclitaxel (32) . However, miR-130a has been demonstrated to serve carcinogenic functions in gastric cancer. Enforced miR-130a expression promotes gastric cancer carcinogenesis by enhancing cell proliferation migration and invasion (27) . These conflicting studies demonstrated that miR-130a serves as an oncogene in certain cancers, and a tumor suppressor in others. This contradiction may be explained by the 'imperfect complementarity' of the interactions between miRNAs and target genes (33) . miRNAs may function as tumor suppressors or oncogenes, mainly depending on their target genes. The present study investigated the molecular mechanism by which downregulation of miR-130a inhibits CRC cell growth and metastasis. TargetScan, PicTar and miRanda software were used to predict the potential target genes of miR-130a. The bioinformatics analysis revealed that FOXF2 was a potential target of miR-130a based on putative target sequences at position 663-669 of the FOXF2-3'UTR. A luciferase reporter assay verified that miR-130a directly targets the 3'UTR of FOXF2. RT-qPCR and western blotting indicated that miR-130a regulates endogenous FOXF2 expression at both the mRNA and protein levels in CRC. Notably, knockdown of FOXF2 partially reversed the effects of miR-130a-underexpression in CRC cells. These results suggested that miR-130a exerts its carcinogenic functions in CRC carcinogenesis and progression, at least in part, by regulation of FOXF2 expression.
In conclusion, the present study revealed that miR-130a is an oncogene in CRC. miR-130a expression levels were frequently increased in CRC tissues and cell lines, and expression levels of miR-130a were significantly associated with TNM stage and lymph node metastasis of CRC patients. In functional studies, downregulation of miR-130a inhibited CRC cells proliferation, migration and invasion. Notably, FOXF2 was validated as a direct and functional target of miR-130a in CRC. These findings suggested that miR-130a could be a potential prognostic marker and therapeutic target for patients with CRC.
